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ABSTRACT 


The movement of fluorescent-coated sand on Del 
Monte Beach, Monterey Bay, California was traced for 
a three-week period during February and March, 1965. 
In order to speed analysis of hundreds of sediment 
samples, a rapid volumetric measurement was developed 
to replace the standard weight measurement in textural 
analysis. Marked sand grains in different size ranges 
were found to move in different directions, both along 
and across the beach. No dominant longshore drift 
occurred. The observed movement of the sand correlated 
with the natural sand texture, beach profile changes, 


and the presence of cusps. 
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1. INTRODUCTION 


The topic of sand movement on sand beaches is not 
new in the published literature; nevertheless, this litera- 
ture is not abundant. Considerable advances have been 
made in the past decade, with the introduction of various 
types of artificial tracers, particularly radioactive 
grains and luminifors. lLuminifors, developed in the 
U.S.S.R., have proved most useful because of low cost, 


ease of production, public acceptance, and durability. 


oe 


The Study 
F. F. Wright at Columbia University and J. C. Ingle 


at the University of Southern California appear to have 
conducted the most recent studies on the movement of fluo- 
rescent-marked sand on beaches (Wright, 1962, and Ingle, 
1962). Both of these studies were carried out on beaches 
which exhibited pronounced littoral drift. They were also 
very temporal, lasting only several hours. It is of inter- 
est to note that Timme and Pollard of National Marine Con- 
sultants, Anaheim, California, are currently conducting 
periodic luminifor seeding in Orange County, California, 
for the purpose of studying littoral drift, but no results 
have been published. 

In contrast to these studies, this investigation was 
carried out using fluorescent-marked sand on a beach which 
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is known to exhibit little or no littoral transport of 
Material. The principal sand movement on Del Monte Beach, 
in southern Monterey Bay, is believed to be almost entire- 
ly in the form of offshore-onshore movement, accompanied 

by lateral diffusion. Thus, this beach represents a spe- 
cial environment which merits investigation. In the study 
described herein, a single emplacement of marked sand, ex- 
tending between the high and low tide lines, was made on 
the beachface. The movement and concentrations of marked 
grains in various grain-size intervals were then determined 
from eleven field surveys conducted over a three-week pe- 
riod. The study was restricted to the intertidal zone. 

The results, confirming the absence of any significant lit- 
toral drift during the observation period, and some labora- 
tory techniques devised for handling and analysis of large 


numbers of sand samples are presented. 


the Beach 

Del Monte Beach lies at the southern end of a long, 
uninterrupted sand beach extending from the head of Monte- 
rey Canyon at Elkhorn Slough to a bulkhead alongside Monte- 
rey Municipal Wharf Number 2, a distance of approximately 
fourteen miles. Its gentle curvature, as shown in Figures l 
and 2, approximates the logarithmic spiral that Yasso (1964) 


has found on several similar headland-protected beaches. 
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FIGURE 1 
SOUTHERN MONTEREY BAY 
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The slope of the beach is moderate to gentle and the sand 
dominantly quartz and feldspar, having a medium to fine 
texture. 

The beach is normally well protected from storm-wave 
attack by the Monterey Peninsula. Waves arriving from the 
open ocean are refracted to such an extent that the breaker 
height is typically low and the breaker angle is nearly 
always very small or Zero. Accordingly, longshore currents 
are ordinarily negligible and rip systems are characteris- 
tically weak or absent (Brennan and Meaux, 1964). The 
beach profile responds sensitively to daily changes in 
wave properties, with significant profile changes occur- 
ring frequently (Koehr and Rohrbough, 1964). The absence 
of any significant littoral drift in the immediate area of 
the study, shown in Figure 3, is indicated by the absence 
of pronounced progradation or erosion adjacent to the bulk- 
head alongside Wharf Number 2 since its construction in 


1960. 
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2. FIELD PROCEDURES 


On the basis of work by Yasso (1962) and Ingle (1962), 
it was decided that the est suitable marked sand for the 
study would be fluorescent-coated. It was felt that in 
order to adequately describe the motion of all sand sizes 
naturally occurring on the beach, the marked sand grains 
should be present in all sizes in sufficient numbers that 
their concentrations could be measured in samples to be 
collected from the beach. The coating of sand taken from 
the beach would have produced a sand distribution with high 
concentrations of grains in phi sizes 1 to 3 and very low 


concentrations outside this range. 


Marked Sand Procurement — 
In order to produce a suitable grain-size distribution, 
an artificial mixture of sand was prepared. Local commer- 
cial sources derive their sand from coastal dunes and from 
the sea floor within the surf zone. Sand from two such conm- 
mercial sources was blended. 
The resulting sand mixture was then coated by the Great 
American Color Company in Los Angeles. ‘Two colors, fluores- 
cent red and fluorescent yellow, were used. These colors 
are easily Aan ewe from each other and from natural 


fluorescence under ultra-violet stimulation. The size 





distribution of the red and yellow sand is shown in Table I 


and in Figure 4. 


Emplacement of Marked Sand 


The site selected for emplacement of the marked sand 
was at Profile B on the western end of the U. S. Naval Post- 
graduate School property on Del Monte Beach. Profile B, 
shown in Figure 3, installed for another study, consists 
of a series of rails driven into the sand at intervals of 
twelve feet across the beach. The profile provided a con- 
venient location because it served as a reference system for 
across-the-beach distances and provided the source of the 
daily beach profile measurements which were used in inter- 
preting the marked sand distribution. 

A grid system, based on 50-foot squares, was established 
as illustrated in Figure 5. Wooden stakes were driven into 
the sand at 50-foot intervals along the rear of the beach 
on a line through Rail 1 of Profile B, in order to establish 
the position of grid "columns." The distance across the 
beach to the various grid "rows" was measured by means of 
a marked line. The grid was 1000 feet long, 150 feet wide, 
and centered on Profile B. The seaward row extended fur- 
ther into the surf zone at the western end of the grid be- 


cause the beach narrows slightly to the west. 
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TABLE I 


CUMULATIVE GRAIN-SIZE DISTRIBUTION OF MARKED SAND 


.RED SAND 
Size Volume Weight Cumulative Percent 
} ml. , Volume _——s Weight 
0.0 0.0 0.0 0.0 
' Bleed E 17.89 11.44 11.7 
: Loe Toe De058 585 32.88 
; ete} e dl fiss: 81.41 82.@2 
: 15.8 24.56 G1 et 98.08 
1G aso 99.60 99.76 
0.359 0.36 100,00 100.00 

97.02 de ee 

YELLOW SAND 
5ize Volume Weight Cumulative Percent 
} mi. Volume Weight 
0.0 Oo 0.0 0.0 

~ 22.9 37.83 10.51 10.88 
; 40,15 65.42 28.94 29.68 
: fa tee 80.20 80.83 
; D765 Boe 1. 97.42 97.61 
: 4.47 6.80 99.47 99.56 
, Leake 1a Se) 100.00 100.00 

217.88 347.86 
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It was decided to emplace the two colors in a confi- 
guration that might help separate longshore movement from 
onshore-offshore movement during the early stages of the 
experiment. The colors rere placed on orthogonal lines. 
One line extended across the beach, parallel and adjacent 
to Profile B. This line was expected to better reflect 
longshore sand movement. The second line, parallel to the 
beach, was expected to*reflect onshore-offshore motion. 

The positions of these two lines is shown in Figure 5. 

The fluorescent sand was sown on February 20, 1965, 
in the intertidal zone at the time of lower low water on 
the exposed portion of the beachface. Three~hundred pounds 
of yellow sand were spread in an 18-inch wide path, extend- 
ing from 50 to 190 feet from the rear of the beach, paral- 
lel to and two feet west of Profile B. A similar path of 
214 pounds of red sand was placed 150 feet from the rear 
of the beach, perpendicular to and extending 100 feet on 
either side of Profile B. The marked sand was evenly spread 
with a lawn rake. 

The sowing was completed at 0900. During the follow- 
ing six hours, both paths were submerged by the rising tide, 


except for the upper end of the yellow line. 


sand Sampling 
A sampler was devised by cutting 33-inch ID Lucite 


di 





tubing into 4sinch lengths. In collecting samples, the 
tube was pressed into the sand for its full length when- 
ever possible. The sand sample was then placed with an 
identifying tag in a polyethylene bag. The cross-sectional 
area of this tube, 9-3/5 square inches, was the unit area 
upon which the results of this study are based. 

Prior to emplacement of the marked sand, a series 
of 2l samples was drawn from the beach at the mid-tide 
level, at ten 50-foot intervals either side of Profile B. 
These samples were-used to investigate phGheround fluo- 
rescence of the natural beach sand, and to test the vali- 
dity of using volume percentages in place of weight per- 
centages in determining fractions of a sand sample. The 
results of these investigations are discussed in Section 4. 
Median diameters and sorting coefficients for the natural 
beach sand as derived from these samples are presented 
in Appendix A. 

Following emplacement of the fluorescent sand, samples 
were drawn in ll separate runs over a three-week period. 
The date and time of each run and the number of hours 
which elapsed following seeding are listed in Table II. 

In an attempt to make each run synoptic, the authors 
collected the samples as quickly as possible. Sample 
spacing for the first nine runs was 50 feet. This spacing 


was increased during the last two runs because of sand 


ike 





TABLE Il 


RUN SCHEDULE 


Run Date Time Hours after Emplacement 
Emplacement 20 February 0900 QO.0 

AL 20 February 1010 1.2 

2 20 February eS Ce 

5 20 February 2515 4,2 

4 20 Fenaulry 1520 625 

5 20 February 1630 os 

6 21 February 0945 25 (1.0 days) 

id 21 February 1650 32 «=o (1.3 @eys) 

8 22 February 0940 49 (2.0 days) 

9 27 February 1405 a8 (7.2 days) 
Le 6 March 0620 333 (13.9 days) 
tual 13 March 1430 510 (21.2 days) 
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dispersion along the beach. Field sampling was terminated 
after three weeks, when sample analysis indicated that 
marked grain concentrations were so low that continued 
field sampling would yield little additional information. 
The marked sand concentrations determined for each run 
are plotted on common charts of the beach in the plates 


at the end of the thesis. 


3% 
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3. LABORATORY PROCEDURES 


The laboratory analysis of sand samples consisted 
principally of counting the marked grains occurring in 
each grain-size class of the sample. This required a 
visual examination of each grain-size class in more than 
six hundred samples. In order to handle such a large num- 
ber of samples in a reasonable length of time, attention 
was given to devising quick methods. 

The processes involved in the analysis of a sand sam- 
ple in order to obtain a marked grain count were (1) dry- 
ing, (2) measurement of a representative portion, and 
(3) counting of marked grains. A description of these 
processes, of the experimentation involved, the difficulties 
encountered, and the ideas and techniques which expedited 
sample analysis are presented below. Data resulting from 


the sample processing are presented in Appendix B. 


Drying Samples 


An effort was made to circumvent the ordinarily time- 
consuming process of drying large numbers of sand samples 
by making grain counts on moist sand. However, drying 
was found necessary after two methods of counting marked 


grains in a damp sample proved unsatisfactory. 
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The first method involved spreading the moist sample 
into a thin layer and removing the marked grains indivi- 
dually as they were observed under the ultra-violet light. 
Removal was required for later determination of grain size. 
In addition to the annoyance arising from the tendency of 
moist grains to adhere to the spatula and to one another, 
the method was found excessively time-consuming and impos- 
gible in samples containing hundreds to several thousands 
of marked grains. 

A second method was attempted wherein an entire san- 
ple was spread in a large, shallow tray and covered with 
water. The sand was agitated until most of the grains were 
in suspension, then allowed to settle in a smooth, thin 
layer. There were three difficulties. First, the samples 
were too large for the tray, and many of the grains were 
buried. Second, the great number of fluorescent grains 
in many of the samples precluded accurate counting. Finally, 
the water surface reflected much of the ultra-violet and 
violet light from the ultra-violet lamp, resulting in un- 
desirable eye strain during the counting process. 

As a result of these unsuccessful methods of deter- 
mining the marked grain count, it was concluded that each 
sample would require desiccation prior to further process- 


ing. The initial drying method used was natural drying, 
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1.e., exposing the samples to room temperature and normal 
ventilation. This method produced dry samples, but re- 
quired a large area over which to spread samples and a 
drying time on the order of weeks. Inasmuch as space and 
time were limited, the natural drying technique was un- 
desirable and subsequently discarded. 

Small quantities of marked sand were then placed in 
a drying oven to determine if forced drying would cause 
deterioration of the fluorescent color or flaking of the 
coating. No detrimental effects were noted for exposures 
of 72 hours at 250° F. Subsequently, most samples were 
subjected to forced drying at 190° F if dried overnight, 
or 230° F if the ane time was to be less than five hours. 

The sand samples which were force dried became en- 
crusted and caked by salts and the clods required breaking 
up before further processing. This was accomplished by 
rolling a wooden dowel over the samples, using a thick pad 
of paper as the rolling surface to avoid grinding individual 


grains. 


Measuring Samples 
The size of the samples and the potentially large 


number of marked grains in each precluded analyzing entire 
samples. It was necessary to count the marked grains in 


a small portion (split) of each sample, then correct this 
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count to determine the number of marked grains in the 
sample. 

The standard method of determining the portion of a 
sample that is represented by a split is by weighing. 
However, weighing each sample and split on an analytical 
balance was too time-consuming. The weighing was replaced 
by a rapid volumetric measure that was found to yield suf- 
ficiently accurate determinations of the ratio of sample 
size to split size. The amount of sand composing a sam- 
ple or split was measured in a graduated cylinder. In 
order to obtain reproduceable measurements, the graduate 
was tapped until the dry sand column would settle no further. 

Before proceeding with the analysis of the large nun- 
ber of samples collected, the accuracy of replacing weight 
fractions with dry volume fractions was determined by con- 
parative textural analysis of samples by both methods. 
Eleven samples, one each of the two colors of marked sand 
and nine samples taken from the beach, were selected.- The 
results of this test are presented in Table I and Figure 4 
for marked sand, and Appendix C for the other nine samples. 
On the basis of this test, the volumetric measure was 
adopted. 

After drying and measuring each beach sample, splits 


of approximately le milliliters were prepared by repeatedly 
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passing the sample through a Jones splitter. The split 
volume was measured as outlined above. The splits were 
then shaken through a nest of six sieves selected to divide 
the split at the Wentworth phi sizes -1, 0, 1, 2, 3, and 4. 
Since two sets of sieves were available, the shaking time 
was determined by the time required to count the marked 
grains in the previous split and record the numbers. The 
usual shaking time was* seven to ten minutes, with each 


split being shaken at least five minutes. 


Counting Marked Grains . 

In preparation for the identification and counting 
of marked grains in the beach samples, an investigation 
was made of the fluorescence of natural grains on the 
beach. The twenty-one samples collected prior to emplace- 
ment of the marked sand were examined under ultra-violet 
light to determine the color and intensity of natural 
fluorescence. Fluorescent grains were found to be common; 
however, they caused no confusion because their color and 
intensity were much less pronounced than that of the 
marked sand. 

After the sieving, the marked grain count in each 
split was made. The nest of sieves was taken into a 
darkened room where each sieve was emptied in turn and 


its contents spread into a layer one grain thick. The 
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fluorescent grains were excited by a portable ultra-violet 
light, and the number of marked grains in each grain size- 
color combination noted. 

In order to ensure that each grain counted was indeed 
a marked grain, especially in samples containing few or no 
marked grains, frequent visual reference was made to small 
pans containing red and yellow marked sand. This system 
allowed detection of marked grains in concentrations as 
small as one in 100,000, with little possibility of coun- 
ting naturally fluorescent grains. 

During the counting process, safety glasses or reading 
glasses were worn. Before adopting this eye protection, 
two of the authors received superficial eye burns from 
reflected ultra-violet light. It is felt that the glasses 


caused no loss of color discrimination. 


ou 


4, DATA PROCESSING AND HANDLING 


Before the data processing of grain counts could pro- 
ceed, it was necessary to decide which of two ways the 
marked grain concentrations should be expressed: by the 
number of marked grains in a unit volume, or by the number 
of marked grains under a unit area of beach. The data 
handling differences would have been minor, but the dif- 


ference in concept is major. 


Units of Grain Concentration 

Consider a situation in which marked grains are uni- 
formly distributed vertically through a substantial thick- 
ness of the beach, and a sand sample is extracted using a 
sampler which penetrates only a fraction of the distance 
to the base of the layer containing the marked grains. 
A sample of any size would thus give a correct measure of 
the concentration if the concentration were expressed by 
the number of grains per unit volume; however, it would 
give an incorrect measure of the number of grains per unit 
area because additional grains lie below the depth of the 
sampler. If the grains were not uniformly distributed 
vertically throughout the thick sand column, a sample 
would not necessarily yield a useful measure of the con- 


centration in terms of volume. 
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The mixing of marked grains through a thick sand 
column is possible as a result of changes in the beach 
profile caused by changing wave conditions. On Del Monte 
Beach, where littoral drift is minimal and marked grains 
may after a period of weeks or months become mixed through- 
out a considerable thickness of the beach by offshore- 
onshore sand movement, the concentration of marked grains 
would probably be expressed most accurately in terms of 
fluorescent grains per unit volume. 

Consider, on the other hand, a situation in which the 
marked grains are concentrated within a very thin layer 
On or within the beach, and the sand sampler that pene- 
trates the layer also retrieves sand from barren zones 
below or above the layer. In this case, the number of 
marked grains expressed in terms of volume would be in- 
correct; however, the concentration would be correctly 
described by the number of grains per unit area, 

If the sampler did not penetrate the layer containing 
marked sand, neither method of expressing the concentration 
would be correct. For a short-term study, lasting several 
hours, during which the amount of accretion or erosion on 
the beach is usually small, the concentretion may be most 
accurately described by the number of grains per unit area. 


Ingle (1962) expressed his concentrations in this manner. 
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The present study was of moderate duration. Complete 
vertical mixing could not be assumed, nor could beach pro- 
file changes be ignored. It was decided to sample the 
beach to a significant dépth and to express the grain con- 
centration on a unit-area basis. The sampler was assumed 
to have passed through the entire layer in which marked 
sand might have occurred. The validity of this assumption 
rests on the length of the sampler (4 inches) relative to 
the range of sand elicmasiene on the beach during the study. 
The maximum change in the beach profile was on the order 


of one foot. 


Date Reduction and Presentation 

A quick, simple method of data processing was required 
to handle the information derived from the 625 samples. 
The U. S. Naval Postgraduate School's Control Data Cor- 
poration 1604 computer was programmed to reduce and plot 
the sample data. The basic data, as read into the computer, 
are listed in Appendix B. Grain concentrations per unit 
area were calculeted by multiplying the number of marked 
grains counted in each phi range-color pair by the ratio 
of sample volume to split volume. These calculations were 
completed separately for each run, and the results were 
printed on a schematic diagram of the grid which had been 


programmed. 
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Initial contouring of the printed values was done on 
boe <compurer—producead wrid. .Foesec contours were trans- 
ferred to a chart of the beach adapted from charts pre- 
pared by the San Francisco District office of the U. S. 
Army Corps of Engineers. The chart was given a north-south 
exaggeration of two, widening the beach with respect to 
its length. The results are presented in Plate Series l 
through 5 at the end of the thesis. 

The contours of @uns 1 through 5 were drawn to a 
model which assumed that the highest concentrations of red 
and yellow sand lay along the source lines. This model was 
disregarded after Run 5 since sand elevation changes indi- 
cated that the line sources had dispersed and the centers 
of maximum concentration had moved. Separate concentration 
contours for red and yellow sand were used for Runs l 
through 9. In Runs 10 and ll, the contours show the 
combined number of red and yellow grains in each phi 
range; this was desirable because of the dearth of marked 
grains found during these two runs. 

In addition to concentration information, each plate 
presents the run number, phi range, and interval of time 
since sowing. The tide stage and height preceding the 
run is also shown. The source lines are presented on each 
plate to aid the reader in referring concentration contours 


to the initial placement of the marked sand, 
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5. OBSERVED SAND MOVEMENT 


For ease of examination, the plates containing the 
marked grain concentrations were organized to show the 
concentration changes for each phi range beginning with 
the very coarse sizes. The first part of each hyphenated 
plate number indicates the phi range and the second part 
indicates the run number. In the singular case of the very 
coarse grain size, Plates l-l to 1-5, this organization 


wes not used because of the lack of data. 


Synopsis of Runs 


Runs 1, 2; and 3 


Runs 1 through 3, shown on Plates ()-1, ()-2, and 
()-3, were made during the first 4.2 hours after emplace- 
ment of the marked sand. During this period, the tide 
was rising, reaching Row A of the sample grid by the time 
of Run 3. Throughout the period, the marked sand remained 
in one well-defined concentration centered on the source 
lines. It is apparent that diffusion was the principal 
dispersing agent. 

As revealed by the yellow sand, there was a tendency 
for coarse grains to drift eastward, and for very fine 
grains to move westward. Medium and fine grains were dis- 


tributed symmetrically on either side of the source line. 
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Onshore-offshore movement of marked sand, traced by 
transport away from the red source line, was limited to 
grains larger than very fine. All other grain sizes 
moved up the beach with the rising tide. 

Runs 4 and 5 

nee 4 and 5, sion on Plates ()-4 and ()-5, were 
made from 6.3 to 7.5 hours after seeding, following a 
lower high tide which wetted the entire sample grid. Al- 
though the sand was spread further because of the increased 
dispersal time, the highest concentrations remained in 
the vicinity of the source lines. 

An eastward longshore movement of all grain sizes was 
found. Very fine grains reversed their initial westerly 
movement, medium and fine grains moved eastward, and the 
coarse grains accelerated their easterly drift. 

Coarse and medium grains continued to move onshore 
from the red source line. Much of the sand in the fine 
and very fine grain sizes also moved onshore, but there 
was as well some movement offshore into the surf zone sea- 
ward of the sample grid. This offshore movement was dis- 
tinctly linear, and was centered at the yellow source line. 

Runs 6, 7, and 8 

Runs 6, 7, and 8 were made during the period from 


24 to 48 hours after emplacement of the marked sand and 
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are shown in Plates ()-6, ()-7, and ()-8. Marked sand 
distributions during these runs were patchy, but the con- 
centrations remained high. The principal concentrations 
were found near the source lines, with occasional centers 
of concentration appearing as far away as 500 feet. The 
higher high tides which occurred after Run 5 began to 
disperse the fine and medium sand in the upper end of the 
yellow source line. * 

There was a weak eastward longshore drift of all 
grain sizes. This drift was especially evident in the 
very coarse grain sizes during Runs 7 and 8, and in the 
distribution of the marked sand from the persistent con- 
centration center located at the upper end of the yellow 
source line. 

The onshore-offshore motion of coarse and very coarse 
sand could not be determined because of the paucity of 
data. Medium, fine, and very fine grains were moved on- 
shore after Run 5, and were found during Run 6 at the back 
of the beach. For the next 24 hours, through Runs 7 and 
8, this sand remained at the back of the beach. 

Run 9 

Run 9, made one week after sowing, is shown on 
Plate 1-5 and Plates()-9. The distribution of all sand 


sizes was very patchy, with indications of a cyclic 
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occurrence of high concentrations along the beach. 
Marked sand had dispersed beyond the limits of the sanm- 
ple grid to the east and west, and extended seaward of 
the grid as well. ) 

After the first week of dispersion, the medium and 
fine sand sizes showed no net longshore movement. How- 
ever, the coarse marked grains were moved eastward, and 
very fine marked grains moved westward. 

There were ineultlowene data to support conclusions 
regarding the onshore-offshore movement of coarse and 
very coarse marked grains. In finer grain sizes, how- 
ever, the principal concentrations were found at the 
back of the beach, with more or less evenly spaced bands 
of moderate concentration extending across the beach. 

Runs 10 and 11 

Runs 10 and ll were made two and three weeks, res- 
pectively, after seeding. The marked sand distribution 
found is shown on Plates 3-10, 4-10, 5-10, 3-11, and 4-11. 
Because the sand had dispersed beyond the initial sample 
grid, Runs 10 and 1l were plotted on extended grids. 

Red and yellow grein concentrations were combined during 
the process of contouring the data. 

No coarse or very coarse marked grains were found on 
Run 10. Medium grains were concentrated near and to the 
east of the source lines, but low concentrations were 
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found as far as 2,000 feet to the west. Fine marked grains 
also were concentrated near and to the east of the source 
lines, but all very fine marked grains were found to the 
west, some as far as 2,700 feet from the source lines. 

The only marked grains found on Run 1l were in the 
medium and fine grain sizes. These concentrations were 
somewhat lower than those found on Run 10, and were loca- 
ted within 500 feet of the source lines. The marked sand 
tended to remain on the upper part of the beach during 


both runs. a 


- 


Movement of Sand in Different Phi Ranges 
Phi Range -l to O (2 to 1 mn.) 


Very few marked grains were found in phi range -l 
to O. Small concentrations were sampled only during 
Runs 3, 4, 7, 8, and 9. These are shown on Plates 1-1 
through 1-5, respectively. Because of the small concen- 
trations, onshore-offshore movement could not be deter- 
Mined; however, there was a tendency for grains in this 


size fraction to move eastward. 


1 


Phi Range O to 1 (1 to g mn.) 


The coarse marked sand grains, shown in Plates e-l 
through 2-9, exhibited a very weak but definite migra- 
tion toward the east throughout all runs, with the ex- 
ception of Runs 10 and 1l during which no grains in this 
size range were recovered. Within the first few hours 
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after emplacement, and with the rising tide, these grains 
dispersed symmetrically about the yellow source line and 
moved up the beach. This upbeach transport is well illus- 
trated by the red sand contours on Plate 2-3. As late as 
Run 8, the upper end of the yellow source line was serving 
as a source of yellow marked sand. Plates 2-7 and 2-8 
Suggest that the coarse sand responded to the tide, with 
upbeach movement occurring during the flooding tide and 


downbeach movement during the ebbing tide. 


Phi Range 1 to 2 (3% to % mn.) 

During the rising tide which followed emplacement 
of the marked sand, the medium grain sizes experienced a 
pronounced upbeach movement, accompanied by significant 
lateral diffusion, as shown by Plates 3-1 through 3-3. 
The distribution pattern remained symmetrical about the 
yellow source line until Run 4. By Run 4, the symmetry 
was destroyed by a moderate eastward drift which persisted 
for the rest of the week. Twenty-four hours after emplace- 
ment, medium sand was observed to extend seaward of the 
sampling grid, as shown on Plate 3-6, On Runs 7 and 8, 
the principal concentrations of medium grains were found 
east of the source lines and spread along the middle and 
back of the beach, as pictured on Plates 3-7 and 35-8. 


By the time of Run 9, one week after emplacement, the 


marked sand had spread widely both east and west from 
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the source lines, but was concentrated along the back of 

the beach. Two weeks after sowing, at the time of Run 10, 
the main concentrations remained at the back of the beach 
and near the source linés. The medium sand had almost 
disappeared three weeks after sowing, as shown by Plate 3-11. 

Phi Range 2 to 3 (1/4 to 1/8 mn.) 

The behavior of the fine marked sand was nearly the 
same as that of the medium sand, as may be seen in 
Plates 4-1 through 4-11. The major exception is that 
concentrations were, in general, higher. Of particular 
interest is the areal distribution found on Run 9, shown 
on Plate 4-9, which displayed a well-defined periodicity 
along the beach. 

Phi Range 3 to 4 (1/8 to 1/16 m.) 

During the first four hours following the marked 
sand emplacement,shown on Plates 5-1 through 5-3, the 
very fine sand moved up the beach on a wide front, as 
well as seaward in a narrow tongue. The longshore drift 
was principally westward. By the time of Run 4, six 
hours after sowing, the longshore movement became eas+t- 
erly, but the seaward tongue persisted. Runs 5 and 6, 
pictured on Plates 5-5 and 5-6, found very fine sand 
concentrations centered on the lower beach and extending 


seaward of the grid. By the time of Run 7, 31 hours 


Oa 





after seeding, the higher tides had disturbed the marked 
sand at the upper end of the yellow source line, so that, 
during Runs 7 and 8, the main concentrations of very 
fine sand were centered on the upper beach in the vici- 
nity of the source lines. Runs 7 and 8 revealed a weak 
@g@sterly drift of very fine sand. One week after emplace- 
ment, Run 9 revealed numerous isolated centers of high 
concentration, with the highest concentrations located 
west of the source lines, as shown on Plate 5-9. These 
concentration actin pes were more or less regularly spaced 
along the back of the beach. The last very fine marked 
grains were recovered on Run 10, two weeks after emplace- 
ment. These grains were found west of the source lines, 


some having moved as far as 2,700 feet. 


Analysis of Marked Sand Movement 

The longshore and onshore-offshore movements of the 
marked sand, shown in the plate series at the back of the 
thesis, are summarized graphically in Figure 6. Long- 
shore drift, best illustrated by movement of the yellow 
marked sand from the across-beach source line, is shown 
in the upper half of the figure. Two bounding curves and 
a central curve are drawn for each grain-size range. The 
bounding curves represent the maximum east-west extent 


of the 50-grain contour surrounding the dominant 
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concentration center on the beach. The central curve re- 
presents the successive positions along the beach of the 
center of the dominant concentration. 

Onshore-offshore peeererse best revealed by movement 
of the red source line because of its orientation, is 
shown in the lower half of the figure in like manner, 
except that the onshore-offshore extent of the dominant 
concentration is referred to the grid rows (Figure 5). 
The tide curve for the first four days of the survey is 
also plotted in the figure. 

Considering longshore drift first, Figure 6 reveals 
that coarse and very coarse grains experienced minimal 
lateral diffusion, as indicated by the smaller rate of 
spread of the 50 grain per unit area concentration lines. 
The trend of the coarse and very coarse sand was toward 
the east. Medium and fine grain concentrations oscillated 
about the source line, demonstrating no distinct littoral 
drift. Very fine marked grain movement showed a great 
deal of variability, but efter Run 9 experienced a dis- 
tinct westerly movement. 

The onshore-offshore transport of the red marked 
sand indicates that the coarse and very coarse grains 
did not spread up and down the beach as much as the finer 
grains. Coarse grains migrated up the beach, and did not 


extend to seaward of the sampling grid. Medium, fine, 
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and very fine sand did extend to seaward of the grid. 
Medium and fine sand showed a definite tendency to move 
up the beach, as best indicated by the line of maximun 
concentration. Very fine sand was the most variable 


in its onshore-offshore movement. 
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6. RELATION OF MARKED SAND MOVEMENT TO 
ENVIRONMENTAL FACTORS 


This section deals with the relation between marked 
Sand movement and environmental factors. Each factor 
which might have been expected to contribute to marked 
sand transport or deposition -- cusps, profile changes, 
and natural beach texturé -- is treated in turn. The 
daily wind and wave ODRerTetLous presented in Appendix E 
will not be discussed in detail as it is considered that 


the change in sand elevation measured at Profile B re- 


presents the integrated effects of wind and waves. 


Cusp Occurrence 


Cusps were present on the upper beach in the vicinity 
of the yellow source line throughout the survey, except 
on March 3, when none were noted. The mean position of 
the cusps for the three-week period is shown in Figure 7. 
The cusps remained very uniform in size and location, 
their lengths and apex positions not differing by more 
than about ten feet from the means indicated in the figure. 

In the first few hours after emplacement, the red 
marked sand migrated more slowly up the beach in the cusp 
bays than on the cusp apexes. This relative movement is 
illustrated by the red marked sand pattern shown in 
Plates 3-1, 3-2, 4-1, and 4-2, 
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After the marked sand had been on the beach for two 
days, it was found in well-defined cyclic concentrations 
Which are believed to be related to cusp apexes. This 
apparent correspondence between the positions of cusp 
apexes and the periodic concentrations was found as early 
as Run 1 (Plates 3-1 and 3-2), but was most obvious in 
the patchy concentrations of Run 9 (Plates 4-9 and 5-9). 

The concentrations of marked sand found on cusp 
apexes were predominantly in the fine and very fine grain 
Sizes. Medium and coarse grain concentrations were not 


— 


found to correlate as well with cusp occurrence. 


Beach Profile Changes 


Onshore-offshore sand movement:‘during the three-week 
period, which reflects the integrated effects of changing 
wave conditions during the survey, is represented by the 
beach profile changes illustrated in Figures 8 and 9. 
Figure 8 shows the time variability of the profile between 
Rows A and D as measured at selected rails of Profile B. 
Figure 9 shows the beach profile for the dates of: (1) seed- 
ing, (2) most severe erosion, (3) Run 9, and (4) Run lil. 

On all parts of the beach, there was an overall 
accretion of sand during the three-week survey. The 
maximum variation in sand level occurred at the elevation 


of Row C and amounted to 55 centimeters during the survey. 
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It was observed that the beach profile underwent similar 
changes laterally over the entire length of the sample 
grid. For this reason, it is presumed that sand-elevation 
changes measured at Profile B are representative of the 
Changes along the whole length of beach studied. 

The yellow source line at Row B was covered by le 
centimeters of sand within two days after seeding (Run 8). 
Erosion occurred at Raws C and D on the lower beach, and 
completely removed this portion of the yellow source line 
after the first few runs. The red source line, along 
Row 0, was completely Rot owed by erosion within 24 hours 
after the time of seeding. 

The low concentrations of marked sand found on 
Runs 10 and 11 may have been due to burial, presumably 
by onshore transport of sand. The absence of any signi- 
ficant littoral drift on the beach, along with the rise 
in sand level and the general movement of marked sand 
toward the rear of the beach, leads to the conclusion 
that onshore-offshore transport is the principal form of 


sand movement on Del Monte Beach, 


Natural Beach Texture 
It has been reported that the size of the natural 
sand grains on Del Monte Beach decreases from east to 


west (Koehr and Rohrbough, 1964). This observation is 
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confirmed for the small area of the initial grid by the 
textural analyses made on the background samples, the 
results of which are presented in Appendix A. 

Sand samples collected along Profile B on February 20, 
21, 22, and 27 and March 6 and 13 were also subjected to 
textural analysis. The results of these analyses, con- 
tained in Appendix D, showed that the sand at the back of 
the beach became progressively finer; at the seaward edge 
of the beach, coarser,.* 

The movement of fine and very fine grains of marked 
sand toward the back of the beach during periods of ac- 
cretion reflects the movement of the natural sand (Plates 4-8, 
4-9, 4-10, 5-8, 5-9, and 5-10). It is observed that the 
motion of the emplaced sand was toward reestablishment 


of the natural alongshore gradient of sand diameter. 
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7. CONCLUSIONS 


The determination of textural properties of sand 
samples by dry-volume percentages was found to produce 
results comparable to the standard weight-percentage 
method. In cases where many large samples must be pro- 
cessed, dry-volume measurements lead to a significant 
saving in time with no loss of accuracy. 

During the three-week period of this study, the 
marked sand moved extensively back and forth across the 
beach face. However, it showed a definite tendency to 
move toward areas where the natural sand is the size of 
the marked grains. Very fine marked grains tended to 
move west; coarse and very coarse marked grains moved 
east. Fine and medium marked grains, of the same size 
as the natural grains, simply diffused from the source 
lines. This is interpreted as indicating that Del Monte 
Beach maintains its natural alongshore grain-size gra- 
dient by differential longshore transport of various 
sand sizes. 

By the end of the survey, the sand elevetion on the 
beach was generally higher than at any earlier time. [In 
attempting to determine whether the marked sand might be 


buried by the indicated accretion of natural sand, a 
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trench was excavated and the sand profile examined for a 
layer of marked grains. No layer was found; rather, 
marked grains were distributed throughout the sand column. 
This indicated a mixing of in situ sand with that carried 
onshore by wave action. 

The profile of Del Monte Beach, in general, first 
eroded, then experienced accretion. On the first few 
sampling days, during the period of erosion on the middle 
and lower beach, sand was found spread across the beach 
face. Later, in the accretion period, the finer sizes 
of marked sand tare found predominantly at the back of 
the beach. Additionally, the natural sand at the low-tide 
level became coarser with time; that at the back of the 
beach, finer. It is concluded that, during periods of 
erosion, some sand from throughout the eroded column re- 
mains on the beach face. Further, during periods of ac- 
cretion, the fine and very fine sand is winnowed from the 
lower beach and deposited at the back of the beach. 

In the first eight hours of this study, there was a 
distinct flow of red marked grains toward the upper beach 
along the apexes of the cusps immediately adjacent to 
Profile B. Later, high concentrations of marked sand were 
found on the cusp apexes. Future studies should consider 
sample spacing and intervals small enough to adequately 


study sand circulation within a single cusp domain. 
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APPENDIX A 
MEDIAN DIAMETERS AND SORTING COEFFICIENTS 
OF BACKGROUND SAMPLES 


sample Median Sorting 


Number Diameter Coefficient” 
(€) (So) 
Hl; 2.08 Ogos 
2 2.20 0.354 
3 2.16 ORES 
4 2.04 0.30 
5 2.17 O55 
6 2.12 OR 
7 z 2.19 OS: 
8 2425 Oe 
9 2.20 0.32 
EO 2.14 OE SS, 
ba 2.15 Oe 
12 2.20 O39 
LD 2 ae: 0.34 
14 2.03 eA 218 
IES) 2.07 Oe S65 
16 1.93 Ose 
alg g 2.05 O56 
igs 1.9L O2150 
19 1.92 0736 
20 1.98 OF56 
ol 2.19 One 


“Background samples were drawn from the level of 
Rail 10 of Profile B, at the grid column designated by 
the sample number. See Figures 3 and 5. 


calculated according to S,=8(Pp,,- 16) (Inman, . 1952) 
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APPENDIX © 


COMPARISON BETWEEN CUMULATIVE GRAIN-SIZE DISTRIBUTIONS 


Sample. 
Number®@ 


1 


BY WEIGHT PERCENT AND VOLUME PERCENT 


FUN HOF, WP FOF 


FOI MH OF 


Weight 





154,01 


0.0 

Ome 
©.i2 
66.22 
Lo 
1.14 
OO 





207.03 





Volume 


ml. 





\O 
NO 


Oo — 
OOOrOO0 A 
e e @ e 
Lon 


ONOVUODIOO WW 


he) 








78 


Cumulative Percent 


Weight 


0.00 
0.00 
0206 
32.04 
99.43 
99.98 
100.00 


0.00 
0.00 
0.00 
BLA lo 
98.68 
99.96 
100.00 


Volume 


OO 
0.00 
0.03 
BM fg oul 
99). Ze 
99.98 
100,00 


0.00 
O00 
0.04 
bul chy 
he 5 1 
99.92 
OF. Se 


QO.00 
QO,00 
0.04 
EM, 5 3x8. 
98.81 
99.96 
100.00 





Sample 
Number 


17 


19 


aii 


1-11-B 


$ 


FU F OF FWP rR OF FWP FOF 


FW ROOF 


Weight 








0.0 
0.0 
O52 
84.01 
82.82 
0.29 
Oe 





167.76 


0.0 
0.07 
2.89 
(noe 
70.66 
Oca! 
0.02 





149.47 


APPENDIX C (continued) 


Volume 








0.05 





LO? a= 


0.0 
O71 
2.09 
47.65 
45,4 
0.63 
0.27 





25 DS 


iS 


Weight 


0.00 
0.00 
0.24 
Bah Bie, 
99.50 
99.89 
100.00 


0.00 
0.00 
©. 52 
60.88 
99.70 
99.93 
100.00 


Cumulative Percent 
Volume 


0.00 
0.00 
©. 58 
47.38 
99.22 
99.69 
100.00 


0.00 
0.00 
0,52 
60.67 
99.45 
99.78 
100.00 


0.00 
0,00 
oO, 52 
DOmee 
99.65 
99.86 
100,00 


0.00 
0.10 
2.28 
bl nen 
99.06 
99.72 
100.00 





APPENDIX C (continued) 














Sample Weight Volume Cumulative Percent 
Number d . ml, Weight Volume 
yates 0.21 One 0.15 Oye2 
ol NG Anes 3.08 3.11 
O 5.81 4,00 Tea 7.50 
1 67.15 40,3 54.06 53.92 
Z 65.16 41.15 99.59 99.09 
my, 0.53 0.53 99.96 99.67 
4 0.06 0.3 100.00 100.00 
143.12 ji. iL) 
1-11-D NEO de BD: 0.93 1G US, 
~1 5.64 3.57 3,89 A. O4 
O 13.83 8.78 ae IWS 1ae2ze 
iL 107.94 | 67.9 Ceol: 67.29 
a 60.62 Bo) 99.78 99.46 
5 0.39 0.48 99.99 99.85 
4 0.02 0.18 100.00 100.00 
190.20 idea 


“samples designated by one number were drawn from the 
corresponding column of the initial grid (Figure 5) at the 
level of Rail 10 of Profile B (Figure 3). Other sample nun- 
bers are given as Run-Column-Row, as determined by the ini- 
ole grid. 


80 





APPENDIX D 


MEDIAN DIAMETERS AND SORTING COEFFICIENTS OF SAMPLES 
COLLECTED AT PROFILE B ON SAMPLING DAYS 





MEDIAN DIAMETERS AND SORTING COEFFICIENTS OF SAMPLES 


APPENDIX D 


COLLECTED AT PROFILE B ON SAMPLING DAYS 


Sample Median Sorting ie 
Number Diameter Coefficient 
($5) 
1-11-B 1.98 0,44 
1-11-C 2.00 0.38 
1-11-D ni owe 0.47 
6-11-A 2.09 0. 50 
6-11-B 2.00 0.25 
Sel Le Lee 0, 64 
SSIES i, 1.88 0.40 
8-1l1-A 2,05 O.g0 
8-11-B ae 92 O', Ad 
8-11-C 1.96 Ova 
8-11-D 1.84 O550 
9-11-A 2.20 0.34 
9-11-B 2.07 Oe 54 
9-11-C 1.96 0.38 
is Ita 1.7 0.39 
10-13-A 2205 0.38 
10+-13-B 1b (SO) 0.64 
Osis 20 1.63 1.19¢ 
11-10-A 2.08 0. 30 
11-10-B 2.08 0.32 
11-10-C 2.04 0.41 


“Samples are designated Run-Column-Row as designated 
by the grid appropriate to the run number. 


Poalculated according to Sp-= 4(®,), -® -) (Inman, 1952) 


“Sample drawn from rip channel. 
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APPENDIX E 
DAILY WIND AND WAVE OBSERVATIONS 
ON DEL MONTE BEACH 


— ————— 





Date 


2O Feb 
2l Feb 
2e Feb 
23 Feb 
24 Feb 


25 Feb 
26 Feb 
27 Feb 
28 Feb 
1 March 


March 
March 
March 
March 
March 


March 
March 
LO March 
ll March 
l2 March 


OO NoOFWND 


15 March 


APPENDIX E 


ON DEL MONTE BEACH 


Wind 
Direction Speed 
(Ete. ) 
calm 
var 3-6 
NW 3-8 
NW 3-6 
N 2 3-5 
N 5 
NW 2 
WNW 16 
WNW 12 
NNW 6 
W 2-4 
NW 3-5 
5 2-4 
calm 
calm 
calm 
NNW 5-5 
SW 1-3 
NW Te1 
W 5-8 
WNW 4-8 
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DAILY WIND AND WAVE OBSERVATIONS 


Height 
Get.) 


! 
KH HHO 
@ e @ ® 
ul WO 


e e e 
rot 
bY FO 
wm wu 


O FONFUW ODOORFrF HFPNFOF OFFOO 
Wm WOOO UOMNWOO DODVUIOWO WO0 OW 


Period 
(sec.) 


14 
ve 
6 

a 

i 


20 
12 

6 
10 
10 


LO 
16 
14 
abil 
ILL 
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